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Field of Invention 

The present invention relates to a method and system for estimating movement 
speed of mobile unit, and more particularly, to a method and system for estimating 
movement speed of mobile unit by using a modulated carrier to shift a signal spectrum. 

Background of the Invention 

In a mobile radio communications system, information is exchanged between mobile 
unit and base station by radio signals. Since each base station can communicate with a 
mobile unit only within its radio coverage (cell), there are typically many base stations 
within a service area. And to avoid interruption when the mobile unit moves from one cell 
to another cell (roaming), a method is required to enable non-interrupted communication. 
This is achieved through the handover technology of the communication. 

Methods of implementing handover of a call to or from a mobile unit between cells 
in a mobile radio communication system affect the overall efficiency and the quality of the 
service. Therefore, it is important to achieve a fast and reliable handover between cells. 

Generally, the mobile unit speed is an important factor to determine whether it is 
worthwhile implementing handover of a mobile unit between cells. The assessment of 
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vehicle speed can be carried out by measuring directly. However this method is not suitable 
to cellular radio applications. As an alternative, the vehicle speed may be estimated by 
monitoring the Doppler shift of a carrier frequency. Fig. 1 shows the conventional method 
for estimating movement speed of a mobile unit. First, a signal from the mobile unit is 
obtained in step 101. An envelope of the signal is calculated and the envelope is squared in 
step 103. According to the result of step 103, a correlation coefficient is calculated in step 
105. Then, the method obtains a corresponding Doppler frequency by referring to a 
corresponding relationship between correlation coefficient and Doppler frequency in step 
107. Lastly, the method estimates the movement speed of mobile unit according to the 
Doppler frequency in step 109. 

However, conventional method has the disadvantage of a limited range. The 
conventional method can not accurately measure the movement speed of mobile unit when 
the mobile unit moves a low velocity. Fig. 2 shows the measurement results of the prior art 
method. There are three distinct curves A, B, C respectively representing three mobile units 
having distinct powers of carrier signal. Obviously, when the three mobile units moves 
below a specific speed, e.g. 18 km/hr, the curves A, B, C bend down sharply. As such, one 
correlation coefficient mean value may map two distinct speeds and system can not 
determine the correct movement speed of the mobile unit. 

Summary of the Invention 

The present invention provides a method and system for estimating movement 
speed of mobile unit in a mobile radio communication system. A wide measuring range and 
improved low-velocity performance are achieved by using the method of the present 
invention. The mobile radio communication system accurately measures the movement 
speed of the mobile unit with low velocity by using the system of the present invention. 

39524.7000 2 



EXPRESS MAIL NO. EV325888112US 

0008] First, a receiver of the base station receives a signal from a mobile unit. After 

being processed by the receiver, the signal becomes a first signal. The present invention 
obtains a second signal by utilizing a processed value, such as square value of the envelope, 
of the first signal. Then, the present invention obtains a third signal by multiplying the 
second signal by a carrier including a carrier frequency. The present invention further 
calculates a correlation coefficient of the third signal and obtains a Doppler frequency of the 
correlation coefficient referring to a corresponding relationship between correlation 
coefficient and Doppler frequency. Last, the present invention estimates the movement 
speed of the mobile unit according to the Doppler frequency. 

[0009] The present invention also provides a system for estimating movement speed of 

mobile unit. The system including a receiving unit, a receiving unit, a calculating unit, and 
an estimating unit. The receiving unit receives a first signal corresponding to a signal from 
the mobile unit. The calculating unit calculates an envelope of the first signal and squares 
the envelope to obtain a second signal. The modulating unit multiplies the second signal by 
a carrier to obtain a third signal. The carrier includes a carrier frequency between 6 to 80 
Hz. The estimating unit estimates the movement speed of the mobile unit according to the 
third signal. 

[0010] The estimating unit includes a first unit, a second unit, and a third unit. The first unit 

calculates a correlation coefficient of the third signal. The second unit obtains a Doppler 
frequency of the correlation coefficient referring to a corresponding relationship between 
correlation coefficient and Doppler frequency. The third unit estimates the movement speed 
of mobile unit according to the Doppler frequency. 
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Brief Description of the Drawings 
[0011] Fig. 1 shows a conventional method for estimating movement speed of mobile unit; 

[0012] Fig. 2 shows the performance of the prior art; 

[0013] Fig. 3 shows a structure diagram of the mobile radio communication system; 

[0014] Fig. 4 shows a method for estimating movement speed of mobile unit of the present 

invention; 

[0015] Fig. 5 shows a block diagram of the exemplary embodiment of the present invention; 

[0016] Fig. 6 (a), (b) show a spectrum of a first signal and a spectrum of a signal multiplied 

by a carrier; 

[0017] Fig. 7 shows the performances of an exemplary embodiment of the present invention; 

and 

[0018] Fig. 8 shows a system for estimating movement speed of mobile unit of the present 

invention. 



Detailed Description 

Fig. 3 illustrates a structure diagram of a mobile radio communication system. The 
structure includes a mobile unit 301 and a receiver 300. The mobile unit 301 transmits a 
signal to the receiver 300. The receiver 300 includes a pre-processor 303, a system 305 for 
estimating movement speed of a mobile unit, and a processor 307. The pre-processor 
processes the signal received from the mobile unit 300. The pre-processor 303 may include 
an antenna, an amplifier, and a low noise down converter. The system 305 then estimates 
the movement speed of the mobile unit 301 according to the signal from pre- processor 303. 
Afterward, the processor 307 implements the following process, e.g. handover, according to 
the movement speed of the mobile unit 301 estimated by the system 305. 
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Fig. 4 shows a method for estimating movement speed of mobile unit of the present 
invention. First, the present invention receives a first signal R (t) corresponding to a signal 
from the mobile unit in step 401. The present invention calculates an envelope of the first 
signal R (t) in step 403. Then, the present invention obtains a second signal by squaring the 
envelope in step 405 and obtains a third signal Y (t) by multiplying the second signal by a 
carrier, e.g. cos (2jtf D t) in step 407. The Y (t) is obtained by: 

Y (t)= X (t) cos (2jrf D t) 
In this invention, the carrier cos (27if D t) includes a carrier frequency f D between 8 to 60 Hz. 

After obtaining the third signal Y (t), the present invention calculates a correlation 
coefficient of the third signal Y (t) in step 409. And the present invention obtains a Doppler 
frequency of the correlation coefficient by referring to a corresponding relationship between 
correlation coefficient and Doppler frequency, e.g. a table of correlation coefficients and 
Doppler frequencies, in step 411. Then, the present invention estimates the movement speed 
of the mobile unit according to the Doppler frequency in step 413. 

Fig. 5 shows a block diagram of the exemplary embodiment of the present 
invention. The present invention receives a first signal R (t) corresponding to a signal from 
the mobile unit in step 501. Then, the present invention obtains a second signal by squaring 
an envelope of the first signal R (t) in step 503. The present invention obtains a third signal 
Y (t) by multiplying the second signal by a carrier, e.g. cos (27cf D t) in step 505. A correlation 
coefficient of the third signal Y (t) is calculated in step 507. The correlation coefficient p is 
obtained by: 

_ E{Y{t)Y(t-T))-\E{Y(t)f 
P E$Y(tf)-\E{Y(t)f 

After obtaining the correlation coefficient p, the present invention refers to a table of 
correlation coefficients and Doppler frequencies to obtain a Doppler frequency in step 509. 
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Then, the movement speed of the mobile unit is estimated according to the Doppler 
frequency in step 511. 

The present invention multiplies the signal by a carrier to shift the spectrum for 
accurately measuring the movement speed of the mobile unit. Fig. 6 (a) shows the spectrum 
of signal R (t). Fig. 6 (b) shows the spectrum of a signal which is obtained by multiplying R 
(t) by a carrier, e.g. cos (27if D t). The carrier frequency of the carrier is f D . 

Now refer to Fig. 7. Fig. 7 shows the performances of an exemplary embodiment 
of the present invention. Curve 73 represents the performance of conventional method. 
Curve 71 represents the performance of an exemplary embodiment of the present invention. 
Obviously, the bending degree of curve 71 at a low velocity is improved. In the exemplary 
embodiment, the preferred carrier frequency of the carrier is 15 Hz. 

In addition, the present invention provides a system for estimating a movement 
speed of a mobile unit. As shown in Fig. 8, the system 800 includes a receiving unit 801, a 
calculating unit 803, a modulating unit 805, and an estimating unit 807. The receiving unit 
801 receives a first signal corresponding to a signal received from mobile unit. The 
calculating unit 803 calculates an envelope of the first signal and squares the envelope to 
obtaining a second signal. The modulating unit 805 multiplies the second signal by a carrier, 
e.g. cos (2uf D t) to obtain a third signal. The carrier includes a carrier frequency between 6 to 
80 Hz. The estimating unit 807 estimates the movement speed of mobile unit according to 
the third signal. 

The estimating unit 807 includes a first unit 8071, a second unit 8073, and a third 
unit 8075. The first unit 8071 calculates a correlation coefficient of the third signal. The 
second unit 8073 obtains a Doppler frequency of the correlation coefficient referring to a 
corresponding relationship between correlation coefficient and Doppler frequency, e.g. a 
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table of correlation coefficients and Doppler frequencies. The third unit 8075 estimates the 
movement speed of mobile unit according to the Doppler frequency. 

While this invention has been described with reference to an illustrative 
embodiment, this embodiment is not intended to be construed in a limiting sense. Various 
modifications of the illustrative embodiment, as well as other embodiments of the invention, 
will be apparent to persons skilled in the art upon reference to this description. It is therefore 
contemplated that the appended claims will cover any such modifications or embodiments as 
falling within the true scope of the invention. 
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